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he maih physiological factors of ventilation in mines where ee 
factory air conditioning has not been or can not be carried out are (1). the . 
development of silicosis among miners breathing the silica dust produced in 
the course of mining operaticas, and (2) the contraction of various diseases 
due to arnormal air conditions. The second factor can be divided into the 
effects of (a) abnormal temperatures and humidities and of (b>) various gases 
tnat may be produced in mines under certain conditions. The following is a 
summary of recent information orn these two factors. 7 


SUMMARY OF RECENT INVESTIGATIONS ON SILICOSIS 


Australia.- In Western australia, in the course of an investigation 
of the pulmonary conditions of mine employees, 4,067 men were examined, 3,039 
at Kalgoorlie and 1,0€8 at nine other mining centers throughout the State. . 
A mobile lavorators with a portable X-ray plant was despatched from Kalgoorlie 
to these otner centers. Tne men examined were working mine employees, with 
the exceotion of 43 ex-miners. <A complete medical examination was made, and 
an X-ray picture of the chest was an important feature of the examination; 
an industrial history was also taken. For a nemcer of cxaminees corre spec- 
ial physical measure.ents were SreCOn aCe: | 


The results of the investigation showed that of the 4,067. men exam- 
ined, 798, or 19.6 per cent, ais definite evidence of pulmonary sili- 
cosis, and 155, or 3.6 per cen gave evidence of tuberculosis; 12 of the 
latter group sowed rae ate ees Witnout silicosis. Surface workers numbered 
1,759; 6.6 per cent had silicosis, I.5 ner cent silicosis plus tuberculosis, 
and 0.3 per cent tuberculosis without silicosis. Of surface workers without 
previous underground expcrience those engaged in dry milling showed the high- 
est incidence of silicosis; me per ane were eflected, in contrast to ig per 


a 


a 


1 Report of ‘tne chairman of the Subcommittee on Physiological Factors of the 
Conmittee on Ventilation of the American Institute of Mining and Metallur- 
gical Engineers, at the February, 1929, meeting in New York City. The 
Bureau of Mines will welcome reprinting of this paper, provided the follow- 
ing footnote acknowledgement is uséd: "Reprinted from U. S. Bureau of Mines 
ease Circular 6196," 

« Chief surgeon, U. S. Bureau of Mines; surgeon, U. S. Public Health Service. 
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cent of the emmlovees enased in wet milling vitnout any dry mill exoerience, 
and 2.0 2er cent of others who had no wet or dry milling experience. 


Underground workers mimbered 2,308, of whom 23.3 per cent had sili- 
cosis, 5 rer cent silicosis plus tuberculosis, and 0.3 per cent tuberculosis 
Without silicosis. Wo Zewer than 51.5 per cent of persons engazed in develov- 
ing and 39.2 per cent in stoping were affected with silicosis or tuberculosis, 
in contrast with 8.4 per cent of persons without stoping or developing exver- 
lence. The predominating influence of underground works in causing silicosis 
is shown by the group of men who had worked 21 to 30 years in the industry. 

Of those who had done no underground work during this time, 7.2 per cent were 
found to te suffering from silicosis. During this time the percentages of 
groups affected, classed according to length of underground service, were as 
follows: None to 5 years! underground work, 13 per cent; 6 to 10 years! 
underground work, 21 per cent; 16 to 20 years! underground work, 44 ver cent; 
and 26 to 30 years! underground work, 68 per cent.9 


Of 1,595 air samples talzen in the mines, 35 per cent had dust counts 
in excess of the arbitrary safety limit of SCO particles per cubic centimeter, 
Rlasting was being done during the shift, instead of at the end when the work- 
ings are vacated. High blood pressure was more common among silicotics than 
otners and albuminuria was more common; but silicosis alone, while not affect- 
ing body weight, did reduce the vital capacity. The iners' Phthisis Act, 
1922, compels miners to submit. to examination and to possess a health certifi- 
cate vermittinge them to work; if found with tuberculosis, a miner is pronibvited 
from employment; if with silicosis, he is informed that further work may te 
detrimental to his health. No information is given as to whether compensation 
accrues; but evidence was forthcoming from the Mine Workers! Relief Fund thet 
in 10 years 7el acolications for relief have been granted, 92 per cent being 
ror pulmonary diseases. Of these 721, 511 are dead; the average time between 
incapacity and death was 21 months.4 


Canada.—- During the year April 1, 196, to Abril 1, 1927, a survey 
of silicosis in the Porcupine group in mines in Nortnern Ontario vas made 
under the auspices of the mine operators in compliance with the amendment to 
the Miners! Phthisis Act of April 8, 1926, bringing silicosis under the status 
of a compensable industrial disease. Approximately 4,000 miners were examined 
for tuberculosis, silicosis, or both. As a result, 94 claims of silicosis 
were submitted for compensation. Using the South African nomenclature, of 
these 94 cases, 39 were anteprimaries, 28 primaries, and 27 secondaries; in 


—— ee a ee 


S Nelson, W. T., Report on an Investigation of the Pulmonary Conditions of 
wine Explovees, Western Australia, During the Years, 1925-1926, Comnon- 
Wealth of Australia, Dopt. Health, Ser. Pub. (Div. Indust. Evg.) No. §, 
1927, Quoted from Joure Indust. Hyee, vole 10, Now 7, September, 1928, 
mn. L7L Abstracts. 

4 From same reference as 3 but quoted from Bulletin of Eygiene, London, vol. 
3, No. &, November, 1928, page 952. 
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addition, <47 men showed either »ositive or prodatle tuberculosis.» 


Sngland.- The difference in vhe harmful action of various kinds of 

Silica dust is pointed out by Ee ffernan® as coeing indicated vy experience with 
Silica dust from materials when used industrially, stch as millstone szrit, 
pocket silica sand, ganister rock, and cnert. Tne dust from the millstone 
grit, which contains 98 ner cent of siiica, is well known to be injurious and 
to cause a high pnthisis death rate among <ritstone workers. Pocket silica 
sand presents a different victure. This mate.ial is used for making refrac- 

tory bricks; the exposure to dust is cousiderable; the clothes of the workmen, 
‘ yhen beaten, emit clouds of dust, and the girls wear caps to Keep the dust out 
of their hair. Analysis snows the material to contain from 84.9 to 89.9 per 
cent silica, present as about 76 per cent cuartz. Yet no umsunl death rate 

rom pulmonary diseases occurs among these men. The conclusion is that the 
dust for some reason is not injurious. Interest in this mitter.attachnes to 
the statement that although there is nothing that can properly be styled 
argillaceous matter, each grain of quartz has 2 pellicle of ‘traolinitic material. 
No attempt is made to explain how this attribute renders the silica particles 
imnocucus in the body. Tine working of ganister gives rise to a dust recog- 
nized to cause truly appalling death rates from jphthisis. 


Finland.- A paper, based on the histories of 69 natives of Osterbotten, 

Finland, who returned home after mining in South Africa and North America, was 

Sibi lehed-unier the title of "Contribution to the knowledge of the roentgen- 

Ological appearance of silicosis,"? The X-ray findings of the chest were 

grouped in four sets; one with enlarged and increased hilum structure; two with 

increased linear structure; three with small-mottied structure: and four with 
big-mottled structure. The first two may occur in varying degrees togetner 

or With the last two. The general character of the lung structure mst deter 

mine the diagnosis. But X-ray shadows are not characteristic only of pneumono- 

conioses; they only confirm a history of suspicious miners! lung; they do not 
constitute decisive factors for the differential diagnosis of silicosis. 

Even the massive shadows of group four mey occur in nulmonary tuberculosis with- 

out silicotic complication, althougn they are seldom so symmetrical. Intensity 

of dust exposure and quality ave more important tian duration of exposure. 

Once established, dust—lungs remain fairly stationary for many years after 

home-coming - unless tuberculosis supervenes. Dyspnea is correlated positively 

with X-ray changes, althoucn exceptional cases occur. 

5 Hague, 0. G., and McBain, R. W., Silicosis os an n Industrial Hazard in 
Ontario Gold Mining. Am. Jour. Roentgenol., vol. 15, October, 1927, pp. 
315-322. Quoted from The Journal of Industrial Hygiene, vol. 10, Ko. 6, 
June, 1928, pages 147-148, 

6 Hefferman, P., Silicosis in Derbyshire. Derbyshire County Council Ann. 
Reports County M.O.H. and School Med. Officer for year 1926, Appendix ll, 
ppe 137-49. Quoted from Bulletin of Hygiene, vol. 3, No. 3, March, 1928, 

age 227. | 

7 Ohmen, R. C., Contribution to the Knowledge or the. chs ncaa Appear~ 
ance of Silicosis. Acta Radiologica, vol. 9, 1928, poe 266-286. Malm's 
Hospital, Jakobstad. Quoted from Builetin of Hyziene, vol. 3, No. ll, 
November, 192€, page 954. 
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rrance.- The results are reported of an examination of 24 men who as 
quarriers and Gressers of gritstone for use as paving stones, Were exposed for 
years to dust inhallation.® Most of the men exnibited definite impairment of 
the lungs, with abnormal radiographic appearances. General health was not 
anoparently affected, except thet two cases were tubcrculous. Investigation 
or mortality records for some 50 years disclosed that in this occupation 56 
out of 68 deaths (65 per cent) were due to respiratory diseases, all of which, 
previous to 19C0, were ascribed to tuberculosis, but more accurate certifica- 
tion in recent years kas divided the deaths between bronchitis and tuberculosis. 


Germany.- The director of the Tuberculosis Dispensary at Scnweitzingen, 
baden, in consequence of some cases of silicosis from sandblasting which had a 
coe before her, proceeded to the detailed examination of <6 men thus employed.” 
Tne findings were surprisingly bad. Thus in 16 cases the X-ray findings were | 
pronounced. In 2 of these cases, tuberculosis and pneumoconiosis were found; 
in 2 tuberculosis vithout special signs of silicosis; and pnseumononiosis was 
evident in 10, 7 of which had changes of great severity and extent. 


he time of exposure to the effects of the dust were in nll relative- 
ly short —- in one 8 years, in another 6, in two 4 years, and in all the others 
Was under 3 years. The older the workers were, the more marxed was the evi- 
dence of injury. This point has 2 practical bearing, as it suggests exclusion 
of old men fro: the work. 


Details as to symtoms present are given of several cases. Surorise 
is exoressed by the withor that the men should have continued to work, and sno 
ottributes the fact to the high Wages received. 


Physical signs, even when X-ray examination showed markxed changes, 
were cormaratively slight. Broncnitic sounds were often absent. Chest expan- 
Sion was very poor. In severe cases the X-ray appearances showed both lun;'s 
everywhere permeated by a network of shadows. In otner cases the snadows in- 
volved only certain portions of the fields — the middle love or infraclavicu- 
lar portions. Four of the <6 ‘workers quickly succumbed. Four who were exon- 
ined one-nalf to three-quarters of a vear later showed very great extension 
of the pneumoconiotic changes. Reference is made to rayid appearance of symp- 
toms even in premises Where preventive measures seemed thorough. The autnor 
considers tnat there is no justification for treating lead poisoning as an 
occupational disease (presumably for purposes of compensation) while neglect- 
ins to: treat silicosis in tiie same Way. 


@ 


ED ote gee ating OR eee 2 


2 EE SSE, Oe EY me ee ee ee te a a ee = eed: nee we wee ee ee 


3 D6 Saleic, 2. Bey AGaSSC-Laiont, Be, tnd Pfeil, as La piece oto] cu 
viquers de gres. 0. R. Acad. Sci., vol. 186, 1964, po. 1449-50. Quoted 
from Bulletin of Hygiene, vol. 3, Mo. ll, Movemvucr, 102c, vare 953. 

: oie agate ; ; eee || 

9 v. Muller, Ernestine, Pneumoconiose bei Arteitern eines Sandgenlases. 

Ztschr. f. Gewertchys.. u. Uefallverhitunr, vol. lo, 1925, pp. 140-150, 

Quoted from Bulletin ov Hygiene, vol. 2, ilo. 11, November, 1928, 952-954, 
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Poland.- In a pager ty Gadzikiewicz and garanowska!? ‘on the 'Influ- 
ence exerted on the health of miners by stcne-dust used to prevent explosions 
in coal mines," the authors concluded that the stone-dust used, on eccount of 
its chemical composition, Was not a menace to health. Where much dust is in- 
haled, troutle alin to that experienced ty experimental animals may ensue}; 
but ordinary conditions of mining do not favor sucn innalation. Stone-dust 
used for preventing explosions is less harmful than the use of moisture; dur- 
ing dusting, resgirators can always be worn, but steps should be talzen to 
ensure that the dust used is free from microbic infection. A plea is put 
forward for collaboration between health authorities and research organize- 
tions in order to define the action of stone-dust, when mixed with coal-dust, 
upon the lungs. 


Scotland.- In an article on the "Eifects of coal-dust upon the 
silicotic lung," Cummins,1ll after noting previous opinions concerning the 
effect upon tne lungs of inhaling coal-dust, gives particulars based upon 
post-mortem excmination of the lungs of a coal:tiner, This man worked for 
rour years with machine drills with exposure to silica-dust in what are known 
as hard headings, which are tunnels driven through rock in order to reach a 
seam of coal -t another level. For the next five years he worked as an ordi- 
nary collier at the coal face. He came under observation for dyspnea with a 
cough, out no tubercle bacilli were found at any time in his sputum. During 
the last nealf of 1925 the dyspnea got worse and the patient got weaker until 
ne finally died on March 11, 1926, with no edema of the ankles and no enlarge- 
ment of the liver to indicate heart failure. The condition of the lungs is 
well illustrated by a radiograph taken before death and a section of the whole 
lung for comperison.e Chemical analysis showed it to contnin 10 per cent of 
ash of Which 1.4 was silica. The lungs of an adult male who died from ordi- 
nary pulmonary tuberculosis gave 3.< per cent ash containing a barely percept- 
ible quantity of silica. The lungs showed microscopically pronounced fibrosis 
With blackening due to coal—dust far beyond what is ordinarily seen in coal 
miners! lungs, The tissue at the apices and the surface looked and felt like 
a lump of coal; and the lymph nodcs Were solid blaci: from the carbon particles. 
Dust-containing macrophage cells were caught in the dense fibrous tissue in 
numerous collections. Man; of tiem had broken up and left masses of dust part- 
icles free, The sugsestion is nut rorward that this man first contracted sili- 
cotic fibrosis, which interfered with the lymph drainage of his lungs; subse- 
quently, inhaled consl—dust was entangled in the tissue and unable to get away 
with the usual ranidity. Hence the accwmilated coal-dust, acting like a for- 
eigen body, accentuated the effects of preexisting silicosis and led to tne 
death of the patient. Normally coal-dust is got rid of from healthy lungs with 
such ease as to have earned it a reputation of being a harmless dust. The way 
in which the industrial exposure of the patient rescmbles that produced experi- 
mentally in animals by Mavrogordato is noted, and also that the results obtain- 
ed are similar. 


10 Sadzikiewicz, W., and Jaranowska, Irena, Poudre pierreuse, appliquce dans 
les mines de charbon, pour prevenir les explosions et son ascendant sur la 
Sante des mineurs, Archiwum Higjeny (Arch. d'Hygiene) Vilna, vol. 2, 1927. 
French swmary 23-24. (In Polish 1-23.) (Hys. Inst., Univ. Cracow.) Quoted 
from Bulletin of Hygiene, vol. 3, No. 3, March, 1928, page 228. 

1l Cumins, S. L. Effects of Coal Dust Upon the Silicotic Lung. Jour. Pathol. 
and Buct., vol. 30, 1927, pp. 615-519. 
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South Africa.- In the roport of the svbcomitties last vear, in des- 
cribing the wort: being done in South africa, the fiswres vere erated dow. to 
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vere a total of ? ecses of silicosis - 430 sinmole silicosis and 7 silicosis 
with tucercalosis - and 61 cases of simple tubere@ilosis. In LO°25-L9L7 there 
were 2 totel of 65 cases of silicesis ~ 364 simole silicosis and @ silicosis 
with trte~culosis - and 4 cases of simple tuberculosis BUDO UO 2S Gel es 
in the report of tne Miners! Phthisis Medical Bvreeu fo: ne @ to the fact tig 


‘ 

r 

iS comparcd with previous years, there mas been a marked 
of casus of tubercilcsis with silicosis and 2 vise in th 

turned os siimle tuborculosiss In the oviaion of Dr. Ir 
Cue to the increase in the relative ee ORE Ce of ths % 
nF 


*he cases of comensatable diseuse nov arising and of the increasingly close 
COAVETGENCe Cl COSs¢ OF I7cinicnt: Ssi.1co- See Sve incinieny 627° is 
eudcCrevloOsis in Clinical and radiorranpnic type, so, tuat cases au Wo2eh eacio= 
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grapniec indications of the pee ice of both discas:s evrcar 
ao Working mincr are now rarely ciservod. In another strxtement on 4 
MOSitioOn of miners! phtnisis on. the. Rand, W13 De. Irvias moles 
that the total nroduction for 1267-1926 will not exceed «£9 or £90 
cimple silicosis. an intcrosting phase of the quisticn is indtcated in the 

statement!” Perardine tie Ticeres Slowin= Tic aetle ce oF Sass Worse Loon 
the production of siliccsis. The must represenictive Fizmres are those for 


tre miners working in their sevanth to tyvelfth years. amon tlicss tne com- 
pres dae attack-ratcs zercentage is: No machines, 1.53; =r to 50 ner cent 

macnines, “.1; over 50 pox cent machines, £.9; the rates for machines On 
was 12.3 ner cent, cut this lost firure Was based noon very eeanty wxcberce 


aaah eR arta y 
contimucd in the ei State d> strict 25 tie pucier, Close. -¢ 
ative agreume:t by the U. S. Bureau of Mines, the Mctropoliten Life ees 
Cos, ana tue Tri-State Zinc and Lead Ore Producers Association. Froa Jime, 
1927, to December G1, 19238, there were made 15,251 physical examinations of 
sien and 400 of woren and children. This rear's Wout: so far indic 
tiere ans been a reduction in the number of silicotics working in tne 

i WS "CLStriect. MuiceioF this. reduction is due: to tie srlicotics! ee 
the wines. wd great many of these zaen nave either been given suitabdle 

ment in hospitals, scnitarciums, etc., or have been provided wit. sui 
outside of the mines. a 


United States.- In the Unitcc States coring the 
2 


eee ee ee eee ee Ne en wee ene oie eee) SE — + 


1s ie Pevie, Us Ge Ls Ge, ~ Bopo. Ve Toon the Work of the Minevs! Phivists Medical Boreas. 
for the Yerur Endoa oak bla 13676 Guiow-of South Acrics, Pretoria, Losc~. 
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RALARY OF RECENT INVESTIGATIONS OWN ASHORMAL AIR CONDITIONS 
Eigh Temperatures ond Humidities 


England.- Tn order to ascertain the essociation of sickness and cther 
causes of adsentecisna with a tner etmesnneric conditions under 
ground, a fiarly extensive survey was mace at each of ten pits. 14 setween 
Cotober, 1925, and April, 1927, there were made 471 sets oF observations, or 
about 47 per colliery. Of these obscrvations, 230 were made at the coal face, 
104 in the lesser haulage roads, 69 in the main naulage roads, and 15 at the 
pit bottom. On the Whole, men workinz in the ceeper nits suffered more sick- 
ness and accidents tian trose working in the siallowcr pits. There were no 
pits where the averaze temperature for the coal-fuce men was 70 to 74. Oo. but 
those working at 7& to 79.99 suffered 50 per cent more sickness than tne low- 
temperature worlzers, ond the large group of men working in temperatures of 
E9° and upwards suffered 63 per cent more. Tae other underground workers 
snowed corresponding increments of sickness With rise of temporature, though 
they wera working under scnewhnat coolerconditions, The sickness appeared to 
increase rather more rapidly with rise of wet bulo than with rise of dry bulb 
temperature. Tle correlation of sickness with cooling power was smaller than 
its correlation with temperature. Tue reason is that the cooling power depends 
on air movement as weil as oni emperature, and increased air movement avpears 
to increase sickness rather thar diminisn it, according to tne authors of the 
report. They state that presumably the camse of the sicknoss depends, not on 
the high temeratures at wnicn the miners perform their work, but on the 
sudden cnonges experienced wien coming to the survace. Sometimes toe svrrace 
eer temoerature is 50° lower than that snderground acar the coal face; an 
cverheated and freely perspiring man, on emergence into suck cold air, would 
be very triable to set chilled. 


Tne correlation of accident frequency with dry bulb and wet dulbd 
temperatures was fairly high for coal-face workers, and quite righ for other 
underground worlzerse The correlation of nigra was, on the whole, lower 
than the correlation with temperatures because of the disturbing effect cof the 
air velocity factor. While the accident. frequency Was practically constant 
at all velocities under 60 feet per tinute, it showed a considerable increase 
at a mean velocity of 72 feet. The accident severity was nighat very low 
velocities, but fell to a minimum at one of 2O to 69 feet ver minvte; then it 
rose rapidly, like the accident frequency. There can be no doubt that a cer 
tain amount of air movemert is necessary for the attainnent of maximum working 
cavacity, accordins to the. authors, and presumably the same condition holds 
for the attainnent of minimum accident liability. Areuing from the small 
emount of evidence adduced, they corcluded that pretably accidents reach their 
minima when tha air enurrents have 2 co:maratively low velocity, such as 39 
to 60 feet per minczte. As suggested in connection with the causation of sick- 
ness, their increase at nigner velocities may he dve to the men's tending to 
geet chilled when they are temporarily resting from work. They would, in conse- 
quence, become stitier and clumsier in their movenents. 


——— eS 
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14 Vernon, H. M., Beaford, T., and Warner, C. G., A Study of Absenteeism ina 
Grour of Ten Collieries. The Colliery Giardian, August 51, 1928, pages 
819-823. 
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attention isc called to the marked inclination of the men working at 
high temeratures to go on compensaticn when they incurred an injury, the 
reaso: being given that protably the adverse atmosphcric conditions induced a 
recling of additional fatigue, from which they desired temporary relier. 


At an informal me:ting of the Institution of Civil Engineers, witno_ 
regari to the methods cf reducing temperature in deep mines, Mr. Wai tehousel 
said that increased ventilation wovld be adopted first, out that tnere were 
limitaticns to accomplishing this, owing ta snaft capacities. He considered 
the elimination of moisture as of the nighest immortance. Consequently, sharts 
from which moisture could ce excluded as far eas possible should be adonted. 
Timbsred shafts were not suitable for the Working of deep deposits. The genera. 
cooling at the surface of ventilating air was a most convenient way of improv- 
lag conditions, bevond the methods already referred to. General cooling uwnder- 
ereund nod oa disadvantaze in that the extracted heat must te sent out of the 
mine citer in the water pumped or in the upcast air. The quantity of water 
might be insufficient for this purpose, and it was often inconvenient to trans-— 
fer the heat to the woeact shaft. The cooling by circulation of cold water 
introduced the practical difficulties of high pressure and power costs whicn 
render scil a system unattractive. Local cooling with small plants offered 
distinct advantages, since over short distances less heat was taken up anda 
“etter effect was obteined at the working points. The disposal of the heat 
extracted, lowever, remained a difficult problem. Cooling by compressed air 
expanded in nozzles wes vreconomical., There were similar objections to the 
use of cororessed air exranced in an air engine doing external work. The con 
bination of a comressor, an electric motor, and an air motor, mounted on one 
snueft, ned been considercd for local cooling and conditioning. The use of 
liquid air for cooling ourposes was uneconomical. The use of ice sent from 
the surfece was being more generally used for local cooling. By this methed 
a reduction of 3° could be cbtained at advanced points, The use of silica 
gol had been sugzested for drying mine air, but the rise of tomperaturo which 
took place made this method unattractive. 


An interesting statement in regard to the effects on comfort of usins 
local air movement instead of introducing fresn air from outside was made ty 
Dudleyt6 in connection With the use cf the katathermomcter at sea in the tropics. 
It was found that tne use of an electric fan meade more difference in comfort 
than extra air inlet; its sffect upon heat loss was in the ratio of 50 per cent 
incresss to only <0 per cent increase when a 3d-inch pine vas made to deliver 
air into a small cabin. Honce the author suggests that power availatle aboard 
Ship might be better devoted to circulating air than to introducing large amoryts 
of fresi air, with a minimum of 50 cubic feet of fresh air per head per hour as 
tie least amount to keen carbon dioxide below the deleterious level of 2 per 
nent, _ 


= —~— eee ee ee eo eee ws ee 


15 Wniteuouse, _ , The Reduction of Temperature in Mincs. Tne Colliery 
Guardian, December 26, 1920, nage 2558. 

16 Dadley, S. F., Tne Kata-Thormoneter at Sea in the Trovics. Jour, Roy. Nave 
M. Serve, vol. 14, 1928, po. 77~103, Quoted from Bull. of Hyg., vole 3, 
No. 3, Avgust, 19°68, pace 671. 
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Vernonl? considers that the plyysica] condition of the atmosvhere, 
rather than its chemical composition, affects fatigue and efficiency more than 
any other environmental influence. Coal mincrs were noted to be longer in - 
filling their tubs and to take more rest at hish temeratures than at low, 
until their efficiency at 79° F. wet bull was only 59 per cont of that at 66° 
F. wet bulb. Ven rolling tinplates at hot furnace-work gave best output in 
winter and lowest in swomer, with differences from 5.4 per cent at rTactories 
with cooling air douches, to 13.4 per cent at factories with no artificial 
ventilation. Evidence is quoted from iron and steel smelting to snow that 
the hotter and heavier the work, the greater is the sickness:-experienced and 
also the mortality. Mortality among coal. miners, particulerly from respira- 
tory discases, is found to increase as they work in deeper and tims hotter 
pits, Atmospheric corditions offect the incidence of accidents as Well as or 
sickness; in coal mines «ceidents may be twice as frequent in deep as in 
shallow workings. Generally 2 temperature of about 65 to 69° C. appears to 
give the test results for both accidents and ee eae 


In | to »nhysiologic reactions, Campbell sea dees found!8 that, 
although there were some exceptions, on the whole the pulse rates increased 
as the temperature increased. The figures for still air were usually dis- 
tinctly higher than those for moving air; <lso in moist air the pulse rates 
were higher than.in dry air, and, further, in clothed subjects the pulse rates 
were higher thon in the sane subjects wnen naked. Skin temperature, perspir- 
ation, and amount. of heat lost by evaporaticn were increased, while heat loss 
ty conduction, convection, and radiation decreased. Wind opposed these effects 
in naked subjects only. Clothes increased tnese effects and ontagonized the 
action of the wind. Movement of air and removal of clothes are the obvious 
remedies for such hot conditions. Moisture in the air, as compared with ary 
air, has no marked e*fect on perspiration at the higner temperatures studied. 
At 35° C., metabolism may or mey not be increased. Wind, 500 feet per minute, 
at 20° c. definitely increased metabolism in naked aapiecte. owing to shiver- 
ing; at higher temperatures there was no effect of wind on metavolism even in 
naked resting subjects. The evidence from researches ir tropical climates 
does not indicate an: increase in metabdolism; on the contrary, many claim to 
have observed 2 decrease, The increase, When it is ‘observed, then must be bat 
a temporary effect, and is-perhaps.evidence of threatened uncompensated over-. 
heating, . te 


Gormany.- dne interest of the Gersans in the cffects of exposure 
to abnormal temperatures and humidities is indicated by the issuance by Teleky | 
in 192819 of a revort in waich he summarizes most of the important worl: done 
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17 Vernon, H. lf., Industrial Fatigue in Relation’ to Atmospheric Conditions. 
Physiol. Reve, vol. 8, 1928, po. 150-150. Quoted from Bulle of tyse, vol. 
3, No. 11, HWovember, 1928, nage 941. . 

18 Gamabell, Je Ae, and Anges, T. C., Puysiologic Reactions of Resting Sub- 
jects to Cooling Power and Effective Tempe-atures JOUl. Indust. Hycs, VOle 
10, December, 1928, pages 351-449. | 

19 Teleky, Le, Englische und anerikanische Untersuclrngen uber Tempcratur und 
Peuchtigkeit wid deren Einfluss avf den Menschen. Wit besonderer Beruch- 


sichtigung von Geverblichen und Bérgverksbetrieben. Ergebnisse der Hygiene 


akteriologie, Immnitatsforschung, und experimentellen r i 
1928, paces 55 ~ 342. Bs Therapie, Berlin, 
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on this subject by investigators in the United States and England. In discuss- 
ing the katathermometer, he considers tnat, while it is impossible, due to the 
complexity of the problem, to obtain an exact measure of the effects of atmos- 
pheric conditions on man throush observation of inanimate objects, the kata- 
thermometer eppears to be a very efficient and valuable instrument. The advant— 
age of the effective temmerature appears to him to lie in the fact that "it 
conforms more eusily to our otner conceptions, our usual methods of observe- 
tion, and ow logal definitions than does the kata value." In regard to tie 
adaptation of the European to tropical climates ne says that here also accli- 
mMatization takes place, Which is also accompanied by decreased efficiency and 
performance and, with longer stay, a nervous exhaustion, an injury to the 
entire organism that, after two to five years! stay in the tronics, makes im 
peratively necessary a longer leave of absence for recovery and the necessity 
of final return to cooler zones by those growing old. There exists, also, 
doubtless the possibility of an adaptation to unfavorable temerature cordi- 
tions in ind:strial overations and in the mines, Which rediices momentarily the 
injury, just as is the case with acclimatization in the tropics; however, it 
ray be also just as true that this does not prevent premature vearing out as 

a result of continued abnormal demonds. | 


India.~ According to David Penman,©° principal of the Schovol of 
Mines at Dhanbad, India, the Indian collier frequently has to work in a mine 
vitn a wet-pulb temperature of 35° C. or even higher. Moreover, the air in 
most of the working places in Indian mines is practically still, or at the 
best very sluggish; yet the miners work day after day uncomlainingl:, and not 
only without potas. but apparently without any ill effects. Mr. Penman 
thinks it may be that the acclimatization of the Indian ee him to wita- 
stand heat in coal mines better than the average white man.. The Indian miner, 
indeed, prefers to work in a warm place. He likes a pallery in whicn the 
Pemperature is 75° C., better than one in waich it is 50°. Nor does he litze 
to work in a strong breeze, He wears practically no clctnine. woiethner the 
mine atmosphere is warm or cool; thus his whole body is exposed to the drvinrg 
and cooling action of the air. He also works irregularly, remaining at wor': 
for about an hour, and then resting in a cooler place for 15 minutes or :sore. 
While actually at work he is a hard worker, thovgn probably does not work at 
a rate equal to that of the British collier. He is, as a rule, shorter in 
stature and of imich lighter build, and consequently expends less energy in 
physical exertion. But he dislikes any change in the temperature conditions 
to which he is accustomed, and would resent transfer fro a place wnere the 
tempernture is, say, 83° F. and the humidity S8 per cent to 2 place wacre the 
temperature. is 20° lower, | ; ; 


Russia.- Experiments nave heen carz ied out on influence of the 
amount of water drunk on the chlorine content of tne sweat and blood of men 
in nigh teme ratures,@1 and the effects on the physical condition of the blood 
20 Penman, David, “The Effect of Hich 1 Temperatures on the Miner. — “Britisa Med- 

ical eases November 10, 1928, pazes &59-859, 
“1 Marschalz, M., and Klaus, Le, The Influence of the Amount of Water Drurk on 
tre Chlorine Content of the Sweat and Blood of iicn in Nign Tamperature. 


Gigiena Trida, No. 9, 1927, ppe leec. Quoted from Jour. Indust. Uve., vol. 
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in high temmerature vrctuced by drimc:ing water and scline solution.©* In re- 
gard to the first. three s:ries of expcrimerts (72. in all) were carried out on 
six vursors under the sare nir conditions: <6° C. dry bulb and 50 ner cent 
relative rumidity (corresnonding to a wot trata cooling pover of 2 millicalories 
per sayare centimeter oer soconad, or 26° cffective temperature). In the first 
series the subjcicts Ane no water; in the second series the subjects drani 
2 liters of tap water; and in the third ceries the subjects dvaniz 2 liters of 
1 wer cent saline solution. The experiments in the first series lasted two 
hours; tnose in the second and third series, three liours. The sweat anc blood 
tests were telzen 49, ©0, 129,:.150, arid 150 mimtes atter the subjects entered 
the experimental chamier (blood tests wore also ade tefore the subjects entered 
the chamber). The azthors! findings shov on increase in the chlorine concentra- 
tion in the swsat aeperding cn the duration of sweating; decrcases in nercontage 
of chlorine in whole blood and in scrum, snich is ascrived to a disturvance in 
the exchanze of vater-mineral solutions; water drunk during sweating produces 
apreater e-cretion of water and minzsrais; by drinking 1 per cent saline solu-. 
tion these disturbances are co.mensated. 

In rogard to the effects in high 7 on the physical coudi- 
tion of the blood produced by drinking water and saline solution, tie avtuors 
mace experiments orn nermel subjects in an exoerinental chamber at a tempera- 
ture of from 40 to 46° C. and e relative humidity of ¢0 to 59 per cent. Ir 
one series the subjects were av rest and in the other they vere engaged in 
paysical worl, ee cae 60 mimutes after the subjects entercd the room a 
tninning of the biood o- eure: followed bv an i: creasing. thickening of tue 
blood as the experiment pa ese Most oi the subjects could not remain in 
the chamber rore than two hours. Drinking water had almest no effect on the 
puysical condition of the blood; the subiccts felt more comfortable, however, 

and were able to remain in the chamber as long as tnree hours. Tntroduction 
of saline solution causca 2 thinnirs of the blood that lasted curing the 
three hours of the experiment. Tne comfort of the subjacts was marzedly in- 
creas2d. In puysical wor under the same conditicns thore occurred early a 
decidid thickening or the vlood which was little affected by drinking water 
tut which disanres wed entirely or almost entirely when salt was introduced 
into the system, By varying the umount 6f£ work and the temperature conditions, 
the authors noted that the resultirg tlocd changes were not dependent on the 
duration of work but on the secretion of persniration., The body teaerature 
rose steadily shroveiout the experiment under the conditions of high temper- 
ature both drring rest and during work. © Drinl:ing water end especially saline 
soluticn lessened the rise in temperature. a 

South Africa.- During lu27 there vere no deaths fron nsat stroke in 
the Village Deer Deop, § although during the vrevious vear there wero six such deaths. 
In the City Deep there were fom ‘dAcaths Gur int 1927, all of natives. <Accord- 
ing to tiie report cf the covernment a enztins cere5 the at sence of deatas © 


ee ee ee + we ~ eee ee mee re een nee ~ eee | eee. 


22° Arr. Ms, 2nd Dukelslaja, O., Effects on the Physical Conditicns of the 
Bleod in Hish Termerature Produced by Drinicing Vater and Saline Solution. 
Gigiena Truda, No. 1, 1926, pp. 29-33. Quoted from same source as reference 
“21 above. | | | oe 
<3 Unicn of South Africa. Department of lines and Industries, Annual Report of 
the Government Mining: Engineer for tie Calendar Year Ending December 31, 
1927, Pretoria, 1928, pase.673- _ ~~ 4 
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ot the Villa e Deep during 1927 vas doubtless in part die te the precautions 
valien, Which iacluged probaviomary; or necliveatization Sis2s Tor new Tauives, 
salt in drintiing water, and‘rmeals underground; and perners also was partiy 


duo to injections of a preparation named "Lotelin™ wren simptonus of donger vere 


noticed: bot it wos mainlr cue to the immroved veutilat.on arudvced bv the mors 
? t ge aL ~ 
pewerfil ventilating fans installed during 1925. Six nonfatal cases of col- 


ae 


lanse dve to heat were reported from the City Deep, and two such cases Fro 
the reas Deep. ee C2ses oom the Heder ees me LLStrictom cae Zour 

ion. These are tre 
oe C&aS05 oT Duropeans ret resonted, Tt WS ane ned saat ench of the 
five persors Wes in either the inception or convalesce on sunge oF manps at the 
time of nis ecllapse. | 


United States.- The Committee on Temerature, Eumidity, ani Air 

Motion of the Auerican Society of Beating and Ventilating Enzinecrs rovorted” 
that an investigation had been carried on in the psychrometric rooms et the 
Society's Resonrcn Labdcratorr to determine she rate of metabrolisia an’ the rate 
or evaporation fron subjccts under varying conditions of wet and dry walb tem 
perature ond eir movenent. Tho object of this investigation was to cbhtuin 2 
~ationcal tasis for ventilation requirements, to determine the physiolosica 
reaction thay occurs under these various conditions, andi to tie then ~»o if 
possible with the sensation of comfort as indicated by the covsfort lines. As 
mignt have vecn anticipated, it has been found that the sensible heat, that 
1s, tne nent given off ov radiation and convectico. as sensible heat to tne ae 
end surrovnding objects, is a variable depencing solely uoon the difference 
between the average sin temeveture and the temperature of the ee ee 
tne Sensible heat varies not with the wet-bulb temperature, as might be sup- 
posed, but inversely wita the dry-bulk temerature. That is, as ths aos 
temperatsare of the air increases, the sensitle heat given off decrearcs x 
portionately, and the latent oe cat removed b:y evaporation increases 0: os sond= 
ingly. Tne reason for tuis apparently is, in se rar as the sin is concerned, 
rnat the physiolocical Spt scl. of evanoration is such as to resulate the amoun 
of moisture Liven “off to obtain the heat balance indenendsntly and rerardless 
of the evaporating power of the air. A still more remazizable fact detarmi.ncd, 
ani one wnicnWas contrary to our anticipation, vas that there was very ‘ittle 
relative variation in the metabolism or in the totel heat siven off wrler vari- 
cus atmospheric conditions, esyecially in the neighbornoad of the co:fort oe 
Eowever, tor extreme conditions on. either side of the eo Ore zone, the tote 
Lent given of by the tod: increased markedly. This would naturally te aed 
for the extreme temmeratures below the comfert zone, tat it also occurs in the 
extreme temjeratures above the comfort zone. This ter effoct undouvotedl 
Cue to the extra effort or the circulatory and respirator; 

‘fort to maintiuin 2 texmserature Dalance, and this extra effort undoubtedly was 
the cause of ture are sec metabolism and total neat produced. The share rise 
at this hnign effective temmerature point is a pretty food indication c= ae 
breakdown of the hp ato ological control systom and occurs in effective veujer- 
ature resions whers it is norobdasiv inpossible 1or Ttuton teines to ee eran 
ently. While tis docs uct primarily laterest ee Tan 21. Gise cee 
tion of buildings, yet it is of primary importance to those wno are’called upon 
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24 Carrier, We He, Cornmittee on eee Jumiéity,- and Aiyv Motion, Joure 
“AM. Sek Weat. and Vent. Engs., vol. 4, No. 2, Februnry, 1963, wn. 145-129. 
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to ventilate hot workrooms, mines, etc. All of this experimental ~orlk has 
bean done with 2 view to determining the physiclogical reactions of subjects 
at rest. The next step will te to determine the physiological reactions of 
subjects.at worl. It is telieved that this last research will complete the 
series of termerature, humidity, and air motion experiments necessary for de- 
terminint sone of the logical factors in heating, cooling, and ventilation. 


Tivo nanuscripts©> have been prepared recently by members of the 
American Society of Heating and Vontilating Engineers in cooperation with 
the Bureau of Mines, one on tho subject of "Heat and Moisture Loss from the 
Human Body and its Relation to Air Conditioning Prodleas," the other on 
"Thermal Exchanges between the Human Bady and its Atmospheric Environmont.! 


In experiments conducted br the Department of Ventilation and Illum- 
ination of the Farvard School of Public Health,<5 it was shown that standards 
of comfort, in so far as temperature, humidit:, and air movement are concerned, 
are not absolute, but are considerably affected by climatic ard othcr condi- 
tions.. This variation appears to te caused by differences in the clothing 
worn in differcnt climates and at different times of year, as well as by the 
adaptive physiologic changes that tale place in man.in response to climatic 
changes. In continuation of this work, experiments’? were carried out to de- 
termine the summer comfort zone by experiments on a large grou of men and 
women Wearing customary warm weather clothing and engaged in sedentary pur- 
sults, The corfort zone vas determined as a result of 15 experinents, eight 
of which were conducted with orogressively increasing room temperatures 
(usually in steps of 2 or 3° at a time) and the other sevon with decreasing 
temperatures, in order that the probable optimum temperature might be approached 
from both the cool and the warm side of the zone. In this way adaptation to 
diurnal changes in air conditions was teken into account. In the course of 
the 15 tests, a total of 2,901 votes on sensations of comfort were obtained. 
The optimum teumerature was found to follow the average monthly outdoor temper- 
ature. It remained at approximately the same value in July, August, and Septen- 
ber, probably because the average monthly temperature did not vary ruch, al- 
though the prevailing outdoor temerature ranged from 70 to 99,59 F. <A decrease 
in the optimum temperature became apparent ozaly when the prevailing outdoor 
temperature fell to 66° F., which is below the customary room temperature in 
the United States for surmer and winter. For practical use, the summer and 
Winter comfort zones were superimposed upon the effective temperature chart 
designed at the Pittsburgh Laboratory of the American Society of Heating and 
Ventilating Engineers. By means of this new chart, the relative corfort of 
ordinary indoor conditicns can be determined fron the dry and wet bilb temper- 
atures of the air, 


BS These papers have been submitted for putlication. 7 -_ 
25 Yaglou, C. P., The Comfort Zore for Men at Rest and Stripped to the Waist. 
Jour. Indust. Hyg., vol. 9, page <5l, 


27 Yaglou, C. P., and Drimzer, Philip., The Sumer Comfort Zone: Climate and 
Clothing. Jour. Indust. Hve., vol. 10, Mo. 10, December, 1928, pages 350- 
363-6 : 
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JavaOne OXflOn,y WiC Les Teen used. cor years “7 the Buresu or 
ines in trcating cases of carron monoxide poisoning, is just teing discovered 
ty the “edicel preression in. @eneral 2s an.e@i1d in. ene treavment cr diseascs, 
esvecially those in wrich anoxemia may be present. accorcing to oe Hvans oF 
Saffalo, Now Yortr,<8 there are two reasons why the therapcutic value of a 
oxygen uns not, Beretcfcre, recn investigated clinically; one is that it no 
Cecy -CONGIGSred "S7 Trrigant: 9s: iz not ~reatly dilvved) and the otner as i 
ri.n cost of medicinal oxmyten. The use of oxygen in tne industries ras devel- 
ened a vractically ware fas and hes reduced the orice so that it can te ad- 
MimiSverc a a0 2 cComjarals vely low cost. The conclusion treat oxygen is on 
irritant gas has teen arrived at, says Dr. Evans, biz the fact Lot smoil 
enimoals confined in an oxygen chamber in concentrations above 70 rer cent 
develop 2 fatal pneuncnia in from four to 14 days. naobits woichine 2 to & 


val p 
mounds and Zrem one to two months old have been used chiefly in the exocrinments, 
ney lived for seversl ssonthns in a 60 per cent oxyzen mixture without sufier- 
ime; any ll] eflects, end from these experiments it vas concluded that 2 vuman 
ing snovld not te given more toon a 60 per cent oxygen mixture, even in 


f pneumonia. according to hi:a, whe tear Or ivi eS enougil cxyvgen nor- 
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mally to omgennate the blood arises from an illogical avplication of facts. 
Toe OX CCOmOFlO 51m Clrve ‘Cle 7 ers: 1m. Tracvits = rom tae in ae 2n beings and tner 
is e vast difference in Weichkt between an acult humen being and an acult 
racrit. There is also a matter of several +enars difference in age, The 
raccits uced were rot suffering; from pneumonia, tacir vrlood oxygen was normel, 
eni their generul neaith sood. The pneumonia pat ticat needs more than the 
UuSial smount of oxygen in the inhaled air te tring the blood oxy-zcn i: to 


normal in en:y a smell percentage of pneumonia cases. Tie rollowin= conclu- 
W 


sions have seen reacned ty Dr. Evans*9 after application o- oxygen thneracy in 
ectval cases: (1) The continuous administration of 60 to 100 ver cent oxrren 
to anocemic ratients over ocrinds as long as 18 days kas proved veneficial 

end clinically Wituout ill effects: (2) She 100 per cost of recoveries in-th 
wneumouily. groun where oxvyen was caenist Oped early, snows the edvisacility 

of emoloving oxygen tierapy as soon ss the cdiagmosis is made, whether cynnosis 
is present or not; (3) the inhalation of pure oxen LOT O26" CO- Sever 1. “ours 
& doy nas pecn benericial in c2ses of cnrdiac Gecorpensation, NS tomas. OV 
;ever, and extensive vurns. 


Carbon monoxide.~ Recent investigations indicate that there is not 
mac. Sanger or carcoa monoxide »oisoning in unconfined svaces, sich .s_con- 


ia 9G 
gested city streets. Studies made oy the J. §. Pablic Eenlth Service’’ in 14 


ci tre largest cities in the United States, having a Seana Gd: BOS 107 oe 
of over 19,050,0C0, showed that in an evera;re of 141 tests made in the city 
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28 Evans, doin J., <Ancsthesia and 


Innalation Therapy as Combined Soccialtics. 
Med. Jour. and Rec., April 4, 1928. - | 
£9 Evans, vonn Y., Tne Taerapeutic Valve of Ei; i UGRSOEtTavicas Of Qa ees 18 
Prneionia, Cardiac Decompensation, Asthm, Hay Faver, ani Other Disenses. 
SUL eds hier County of Erie and Buffalo Academ, of Medicine, Juns, 1922. 
©O Bloomfield, J. J., and Istell, &. §., The Prodlem of Automorile Exhaust 
Gas in Streets and Kepoir Sis of Large Cities. Public Eealtn Revs, vol. 
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streets at peak hours of traffic there Was a concentration of 0.8 part of car- 
bon monoxide per 10,960 parts of air. OGnly 24 per cent of all the street san- 
ples had more than 1. part of carbon monoxide in 10,000 of air, and in only one 
location, a covered passageway, was there as much as 2 parts per 10,000. The 
investizatiors concluded that the only individual who may possibly be exposed 
to a health hazard from inhaling street air containing automobile exhaust gas 
is the traffic officer, and this potential hazard may ve iainimized by dimin- 
ishing the duration of exposure at the most congested traffic stations. 
Similar investigations made in Paris“! showed that, even in the 
streets wnere the traffic is dense, concentrations of carbon monoxide less 
than 1 in 100,000 weve found atove-the third story and that at 1.6 meters 
above the ground on the sidewalk, the concentration of carbon monéxide did 
not exceed 3 to 4 in 100,000 in the most frequented streets. 


During 1926-1928 the Bureau of Sanitary Engineering of the Chicago 
Department of Health’ undertook a comprehensive study of air pollution by 
carbon monoxide in the streets of the city. Samples were collected at the 
curb instead of in the middle of the strest, because the greater number of 
people exposed are uson the sidewalks and in the adjacent cffices:and stores. 
Of 649 samoles examined, 85 per cent snowed 0.5 part or less per 10,000 varts 
of air, and 63 per cent showed 0.3 part or less per 10,000. The average con- 
centration of all the samples was 0.31 part of carbon monoxide per 10,000 
parts of air. Reco:vaendations included desirability of study of mechanical 
ventilating systems as a part of the design oF all double-decked streets for 
use dy automobiles and the restriction of the idling of motors on the streets 
to a minimua and, if the idling can not be prevented, it was pointed out that 
at leust it should not be sllowed near air intakes for ventilating systems. 


Studies, mentioned in last year's report, were coutinued by the 
Bureau of Mines in cooperation with the New York State Bridge and Tunnel Com 
mission and tne New Jersey Interstate Bridge and Tunnel Cormission on the 
effects of repcated caily exposure to carbon monoxide during long periods, 
such as traffic officers or maintenance men might experience in the tunnels, 
the previcus investigation having been directed toward the effect of occasion- 
al and relatively snort exposures to exhaust gas. The following is a summary 
. of the results of the investizations of long exposure to low concentrations of 
carbon monoxide.o 


Six men were exposed 4 to 7 hours daily over a period of 68 days to 
gasoline engine exhaust gas-air mixtures containing 2, 3, and 4 parts of 
carbon monoxide per 10,900 parts of air. 


31 Florentin, Daniel, Sur la comsostion de l'air des rues de Paris. Compt. 
rend. des séences de L'Academie des Sciences, vol. 185, No. 25, Decemb:r, 
1927, pp. 1538-1541. | | 
Cambier, R., and Marcy, F., Same title and reference as 31 above, vol. 

- 186, No. 13, March 26, 1928, pvp. 918-921. 

Ze. Connolly, J. I., Martinek, Me de, ond Aeberly, J. J., She’Carbon Monoxide 

Hazard i: Cliy.Stvects. Am. Jour. Pub. Health, vol. 8, Noe ll, Nove, 19238, 
ppe 1575-1283. 

335 Savers, R. R., Yant, W. P., Levy, Edward, and Fulton, W. B., Efyect of 
Reveated Daily Exposure of Several Hours to Small Amounts of Automobile 
Exhaust Gases U. Se Public Health Bull. 186, 1929. 
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pxposure to 2 part of CO in 10,000 of air cavsead some subdjects at 
rest or exercising mildly to experience slight but not discomforting symotoms 
in approximately 2 hours and distinct frontal headaches of a disconforting 
nature in 35 to 4 hours. No s;motoms of any type were experienced in more 
than 50 per cent of the exposures, and no occipital headaches occurred in any 
subjects even after 65 hours! exposure. The blood attained 20 per cent carbon 
monoxide hemoglobin in 3: to 4+ hours and 25 per cent in 5 to 6 hours, depend- 
ing ou the serson andi whether he was at rest or exercising mildly. Saturation 
above 25 per cent was attained very slowly. 


Exposure to 5 parts in 10,000 caused some subjects at rest or exer- 
cising mildly to experience slight symotoms in less than 2 hours and distinct 
frontal headaches in 2k to 3 hours. A few cccipital headaches and cases of 
vertigo occurred after S hours. In mcre than 65 per cent of the cases cis- 
tinct discomforting symptoms were experienced after & hours! exposure. This 
concentration produced 20 per cent carbon monoxide hemoglobin in the blood in 
25; to 35 hours, 25 per cent in 3 +o 4 hours, and 30 per cent in 4 to 4% hours, 
a pene ine on the subject and whether he is at rest or exercising. 


exposure to = parts in 10,000 caused some subjects to exnerience 
frontal neadaches in 14 to 2 hours. A few occipital headaches occurred in 
25 to 35 hours. At the end of S53 to 4 hours more than 90 per cent had dis- 
tinct frontal headaches. The blood attained 20 per cent carbon monoxide heme- 
glotin in 1?: to 24 hours, 25 per cent in 2% to 3: hours, and 30 per cent in 
& to 4 nours, depending on the subject aia waether he was at rest or exercising 
9 Gulla Clay ge 


Althouzn tnere was a tendency for headaches to appear with a lower 
amount of carodon monoxide hemoglobin when the latter was attained by exposure 
to tae lower concentrations of carton monoxide, in general frontal headaches 
just begin in some subjects when the saturation reaches 18 to 20 per cent. 

A few occipital headaches accormunied by vertigo distinctly occurred at 23 
to 28 per cent. 
Exercise, even though of a mi: 


iid fora, distinctly augments the absorp- 
tion of carhon monoxide and causes sympto 


toms to appear after shorter exposure. 

The vate of elimination of carbon monoxide from the blood in a given 
period after expnosure varied directly with the initial saturation, but for the 
initial saturations attained in this study the rate of elimination apnears the 
sume for the same range of saturations; that is, it is the same tetween, say, 
co and 20 per cent, almost resardless of whether tne initial saturation wus Yo, 
50, or 55 ver cent. After an initial saturation of 55 per cent was attained 
it required anvproximately one-haif nour to lower it to JO per cent, about l 
hour to gee it to 25 per cent, nearly 14 hours to lower it to 20 per cent, 
ncarly 2 hours more to lower it to 15 per cent, 2} acurs more to lower it to 
LO“ per geen and 3 to 5 hours longer to lower the saturetion to 5 per cent, if 
tne sutject treathed air tue ontire time. For lower initial saturation the 
time was the sare as the portion of the above Waicn succeeds the value in 
question. 
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A 50-minute inhalaticn of cxygen or 5 ser cent carbon dioride in 
oxygen reduced the amount of carbon monoxide hemoglobin from 35 per cent to 
less than 10 ver cent in 30 minutes, and when given immediately it alleviated 
the symptoms. For lower initial saturations the same effect was produced in 
somewhat less time, 


Exercise immediately after exposure markedly increased the speed of 
elimination. This procedure however is not recommended or advised as a treat-— 
ment for poisoning br carbon monoxide. 


Tnere were no apparent signs tnat the tests produced deleterious 
effects on the health and nhysical well-teing of the subjects. Wo lack of 
appetite, change of weight, or muscular weakness occurred. In general, a dis- 
tinct increase in hemoglobin occurred, and was accompanied by an increase in 
red bloon cells. No important change occurred in the leucocytes. With the 
exception of a few occurrences of traces of sugar, no important changes or 
aonormalities were noted in the urine. Tests for blood pigment were negative. 


she efficacy of the ventilating system installed in the Holland 
Tunnel in preventing accumlation of dangerous concentrations of carbon mon- 
oxide from the exhaust gas of motor venicles in indicated by the first year's 
experience. On the opening day the ventilation system, as indicated in last 
year's report, was subjected to a rather severe test and met this test satis— 
factorily. With the opening—day rush over and traffic settling down to more 
normal ccnditions, it was apparent, with the extremely good air conditions in 
vhe tunnel on the first day, that the ventilation could be reduced. This was 
gradually done by slowing Gown the fans and by shutting down some of them. 
According to Mr. Singstad,o* ventilation during the last six-month period 
of the first year of operation, with a total of 4,866,781 vehicles using the 
tunnel, has been provided on the basis of the carbon monoxide - not exceeding 
25 parts per 10,000 for a period of five minutes in any of the 14 sections of 
the tunnel. The average carbon monoxide content during that period has been 
mich below this figure, Adequate ventilatim has required the operation of 
only one fan at half speed on each duct except during certain periods of the 
day when increased ventilation has been provided on certain sections either 
by running one fan at higher speed or operating two fans of each set of three 
fans which form the full operating capacity of the ventilating system, 


34 Singstad, Ole, A Year's Operating mxcerience With the Folland Vehicular 
Tunnel. Eng. News-Record, December 27, 1928. 
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